Chapter 4
Determining Flood Flows by Frequency
Methods

4-1. Overview

a. Measures of flood severity. The majority of flood
damage reduction studies require the evaluation of peak
discharge, often used as the main measure of flood sever-
ity. Other variables, such as the total runoff volume, may
also be critical for certain studies. Flood studies require
frequency estimates in order to judge the performance of
proposed flood damage reduction projects. The develop-
ment of peak discharge-frequency relationships for a
catchment is an important part of flood evaluation for
Corps studies. This relationship is linked with elevation-
discharge data and with elevation-damage data using risk-
based analysis procedures to arrive at estimates of
expected annual damage for with- and without-project
conditions.

b. Discharge-frequency estimates. Some degree of
uncertainty exists in all discharge-frequency estimates.
This uncertainty results from insufficient information.
The more data available, the better the estimate of dis-
charge-frequency. In a typical flood damage reduction
study, a certain amount of known (gaged) data will exist,
but some of the study area may have no gaged data.
Consequently, a combination of gaged and ungaged tech-
niques are often used for the hydrologic analysis.

4-2. Analysis for Gaged Areas

The development of discharge-frequency relationships at
gaged locations is a well-documented process involving
statistical analysis of annual peak discharges. Figure 4-1
shows the results of a statistical analysis of recorded data.
The analysis requires an adequate length of stream gaged
record, with the data being both homogenous and of good
quality. References (Water Resources Council 1982,

EM 1110-2-1415) give the complete technical detail nec-
essary for statistical analysis of stream-gaged records.

a. Record length.

(1) Although opinions vary as to a minimum record
length, at least ten years of data is generally recom-
mended. As one might suspect, ten years of data would
seem a very limited amount to estimate, say, the 1-percent
chance exceedance frequency peak discharge. The
absence of significant peak discharges, such as during an

EP 1110-2-10
31 Jul 94

extensive drought, or the occurrence of several floods
during this short period would result in a poor estimate of
the flood-frequency relationship. A “‘rule of thumb” sug-
gests that the rarest flood that can be predicted with a
reasonable level of confidence is about double the period
of record. A 5-percent chance exceedance frequency
(20-year) flood would be the largest for 10 years of data.

(2) Major changes in the estimates of return periods
of rare floods are not unusual as one acquires more data.
Obviously, the longer the period of gaged data, the more
confidence one could have in the final result. Thirty or
more years of data is generally desired for “good” statisti-
cal frequency estimates. Even if one has a lengthy
record, comparison and modification of the relationship
derived by statistical means is often made. This effort
may involve regional studies considering nearby gages,
and hypothetical floods developed with hydrologic
models.

b. Record homogeneitylquality. As the record
becomes lengthy, one becomes more concerned with
changes in the catchment upstream of the gage, potentially
resulting in a non-homogenous data record. Typical
examples of non-homogenous records often cited are the
urbanization of the land upstream of the gage, or the
installation of a major reservoir. These man-induced
changes result in different runoff volumes, hydrograph
shapes, and peak discharges for similar storms. If signifi-
cant changes occur during a period of recorded data,
adjustments to or separation of the record is necessary.
Quality of the data should also be considered, as stream
gaging techniques can only estimate the total discharge
during flood events. The USGS, the source for most gage
data, evaluates the quality of its data at each of its gaged
sites. A description of “Excellent” means that 95 percent
of the daily discharges are within 5 percent of the true
value, “Good”--within 10 percent, “Fair”--within 15 per-
cent, and “Poor”--less than “Fair.” Accuracy and confi-
dence level are much lower for a statistical analysis of
gaged data with a poor or fair rating than data with a
good or excellent rating.

c. Need for ungaged techniques. When statistical
analyses of gaged data are performed for a long-record
station, the resulting estimate of discharge-frequency is
considered the most accurate of any technique available.
However, this relationship is only valid at the gage, and
not at points significantly removed from the site. Thus,
ungaged methods are almost always required along with
statistical methods. Besides giving a precise estimate of
discharge-frequency, gaged data allow one to compare the
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Figure 4-1. Flood frequency analysis by statistical methods

results of ungaged techniques and calibrate and/or verify
the hydrologic methods used to estimate discharge-
frequency relationship for ungaged areas.

4-3. Simplified Analysis for Ungaged Areas

Ungaged areas are those that have insufficient records to
perform a statistical frequency analysis of peak discharge.
This usually means no gages at all, but could also include
sites that have only a few years of gaged data available.
A wide variety of different techniques exist to determine
discharge-frequency for ungaged areas. The following
descriptions range from the simplest to the most complex.
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a. Simplified equations. These methods involve the
application of empirical relationships or simple envelope
curves to estimate a peak discharge. They are usually
applicable for only a certain size of catchment or for a
specific type of discharge. Examples include the rational
formula (Q = CIA, for very small areas) and the Myers
Formula where discharge is function of area, giving the
potential maximum possible discharge (McCuen 1989).
These methods are easy to apply, but the results are of
dubious quality. These techniques are applicable for
certain preliminary level studies. Figure 4-2 illustrates the
most widely used simplified equation: the rational
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Figure 4-2, Example of simplified equations

formula. It is still the main method used to determine
design discharges for sizing storm sewers.

b. Transfer methods. This technique is also rather
simple to apply, but the results are of appreciably better
quality. It consists of a simple transfer of measured data
from a gaged to an ungaged site, with the data being
modified, as necessary, to reflect the conditions at the
ungaged site. The modification could be a simple ratio of
drainage area of the gaged versus the ungaged site, or be
considerably more sophisticated. While discharge, sedi-
ment, and other gaged data are transferred to an ungaged
site, precipitation data are most commonly transferred.
Unless the region is mountainous, precipitation can be
readily transferred a moderate distance without adjust-
ment. The transferred data are assumed to be as likely to
have occurred on the ungaged portion of the study water-
shed as on the gaged portion. Figure 4-3 illustrates the
use of transfer techniques, which could be valid in any
phase of the overall process.
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Figure 4-3. Example of transfer techniques

¢. Regression analysis.

(1) This method is a more detailed and sophisticated
subset of transfer techniques and its development involves
considerable work effort. Fortunately, regression analyses
for peak discharges have been performed for most por-
tions of the United States, usually by the USGS from
gaged data (USGS 1983). Figure 4-4 illustrates the use of
regression analysis. This technique develops the desired
information (usually peak discharge for given frequencies)
from a statistical analysis of long-term gaged records. A
regression analysis is then performed linking the calcu-
lated peak discharge for each frequency to measurable
parameters, like area, slope, stream length, etc. A predic-
tion equation results which allows one to calculate a value
for, say, the peak discharge knowing the drainage arca
and slope of the ungaged watershed. Differences between
the discharge calculated with the regression equation and
that found with a statistical analysis are called “residuals.”
These residuals may be mapped and used to adjust the
discharge calculated for ungaged catchments. The regres-
sion analysis also allows one to estimate the accuracy of
the prediction equation results.

4-3



EP 1110-2-10
31 Jul 94

BASIN BASIN BAS IN

D PP

GAGED BASINS
¢ IN THE SAME REGION

SELECT CDMPDNENTS SELECT DEFINABLE

EREST BASIN CHARACTERISTIC
+ MEAN ANNUAL FLOODS + DRAINAGE AREA
* FLOOD FREQUENCY ¢ SLOPE

FLOWS « ETC.

« ETC.

REGIONALLY MAP

DERIVE PREDICTION
EQUATIONS RESIDUALS

Quo =K DA. &

BASIC HYDRDGRAPH
ANALYSIS PROCEDURE

1 JETERMINE HYDROLOGIC
SUBMSIN SUBBASIN DATA
. AVERAGE RAINFALL
b "LOSS RATE CRITERIA
c BASE FLOW

2. DETERMINE UNIT
HYDROGRAPHS
FOR EACH SUBBASIN

3. CONSTRUCT RUNOFF
HYDROGRAPHS AT EACH
SUBBASIN DUTLET

. _COMBINE HYDRDGRAPHS
FROM SUBBASINS 1 & 2
S ROUTE COMBINED
HYDRUGRAPH (1 & 2> TO
)y OUTLET DF SUBBASIN 3
"Y{'fe 6. COMPUTE RUNDFF_HYDRO-
Q GRAPH SUBBASIN 3 QUTLET

7. COMBINE THE ROUTED
HYDROGRAPH WITH
SUBBASIN 3's HYDRUGRAPH
FOR_THE TOTAL W
SHED'S RUNDFF HYDRDGRAPH

COMBI

HYDREKSRAPHS L)
ROUTED
HYDROGRAPHS
e T0 3

(STEP b

TIME
(STEP 4

TIME
(STEP 7

Figure 4-4. Example of regression analysis

(2) Regression techniques are applicable in all phases
of a hydrologic study and are valuable in evaluating the
reasonableness of peak discharges determined with a
hydrologic model. The main drawback to the technique is
that only a peak discharge is available and there is no
way to estimate how the peak discharge will change if a
flood damage reduction structure is placed in the system.
This technique is often used where only a peak discharge
is needed to estimate flood severity, with flood insurance
studies being a typical example. Regression analysis is
considered by many to be less accurate in estimating a
peak discharge than statistical analysis of gaged data at a
site, but more accurate than hydrologic modeling.

4-4. Detalled Analyslis for Ungaged Locations

a. The preceding simplified methods can be applied
with minimal effort, but all have the same deficiency--
how does the flood hydrograph change as it moves
through the watershed system and how does the applica-
tion of flood damage reduction measures affect the flood
discharge? The only way in which these questions can be
answered lies in detailed hydrologic modeling of the
watershed. Figure 4-5 shows a schematic diagram of a
typical hydrologic simulation using a model. A
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Figure 4-5. Example of hydrologic modeling

hydrologic model is a computer program that simulates
the response of a hydrologic system based on meteoro-
logic and physical watershed characteristics. The success-
ful application of a hydrologic model in no easy task and
requires knowledge and experience to prepare and operate
the model and evaluate the validity of the results.

b. In addition, calibration of the model to some
known data is important to gain confidence when apply-
ing the model to estimate unknown or rare events. Oper-
ation of the model for historical conditions (for calibration
and/or verification), and for existing and future conditions
(for establishing the severity of the flood problem and the
effects of various flood reduction alternatives) is the basis
for the overall flood reduction analysis.

¢. There are many hydrologic models available to
determine runoff hydrographs from a watershed. The
procedures by which these models operate vary widely
and not all models are applicable to a specific study area.
The use of a single- event model versus a continuous
simulation model (illustrated in Figure 4-6), actual versus
hypethetical (frequency) rainfall, various loss rate func-
tions, modeling of subsurface flow and losses, unit hydro-
graph versus kenematic wave methods, hydraulic versus
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Figure 4-6. Slope event versus a continuous
simulation model

kinematic wave methods, hydraulic versus hydrologic
routing, etc. are features of the various models. Some
models are considerably more detailed and sophisticated
than others, requiring a higher level of expertise. The
rainfall-runoff process, which these programs model, is
presented in Chapter 5.
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